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SOM&RY 

The three previous notes* in thi3 series have outlined the theory 
of tho motion of a bomb recovering from disturbances on the assumption 
that the bomb wa3 atable.      '.Shis note outlines the different types of 
instability - cartwheeling, undamped spinning, and whirling - and 
describes the aerodynamic basis of the methods of eliminating them. 

1 Cartwheeling 

If the centre of pressure is ahead of the centre of gravity, in 
axial flight the bomb will be in unstable equilibrium and a small 
disturbance will introduce a do-stabilising adrodynooio moment.      There 
is no position of stable equilibrium and the bomb never assumes, a fixed 
attitude to its flight path but tumbles all over the place, or "cart- 
wheels";    the motion is completely disorderly. 

rhe cure for this for» of instability may be attempted by moving 
the centre of gravity forwards- or the centre of pressure backwards;    the 
former method involve n a change in the mass distribution but may leave 
the external shape unaltered, whereas the latter changes the external 
shape and may make a negligibly small change in the centre of gravity 
position.      In order to shift the centre of pressure backwards the 
lift on the nose of the bomb may be nreatly reduced by using a nose 
Spoiler (Arm. Dept. Note No,  Arm, 167) or the lii't At ehe roar increased 
by a redesign of the tail, 

2 Undamped Spinning 

Bombs are sometimes observed oscillating or spinning with almost 
constant emplitude;    at any rate, the amplitude does not change rapidly, 
'J?lii3 type of motion is more often noted late in fligh'; rather than very 
early in flight, and arises from poor airflov/ over tho tail. 

Good stability requires that a large restoring Moment shall be 
generated at suall angles ox Incidence,   and this requires that the 
tail drum or a reasonably le.rge area of fin shall be out of the wake 
from the body»      Unless tris condition is satisfied, the tail surfaces 
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do    net develop Irrt effectively»      If the tail is in the wake when 
the bomb is in axial flight,  there will "be a range of incidence in which 
the restoring moment is negative,  zero,  or very small, until a critical 
angle is reached at which the  tail surfaces begin to be free of the 
wake.      A restoring moment of reasonable magnitude is then developed, 
She bomb can therefore spin with a, cone semi-angle roughly equal to this 
critical angle, and the result    is undamped spinning. 

The wake diameter is markedly dependent on the degree of "break 
away" of airflow at the .junction of the tail cone and the bomb body, 
in boribs which er« not fully streamlined.      Breakaway becomes more 
severe at higher speeds,  hence the tendency of the undamped spin to 
occur late in flight - at higher 'speeds - as the -»Take diameter in- 
creases.      Yfhen the speed becomes so high that shock ".raves begin to 
develop from the boob body, breakaway at first becomes more severe but 
at still higher speeds - as the point of formation oi shock waves moves 
back along the body - conditions nay improve again» 

1'his tyve of instability can be cured by ensuring that the tail 
surfaces are not in the walte from the body. 5he tail or body must 
be redesigned in order to reduce the wake diameter, or lift surfaces 
roust must be placed oucside the wake, diameter (e.g. expanding fins). 
Part of the tail surfaces may be shielded if the "body lacics symmetry 
or the tail is not squarely fitted and the bomb may execute undamped 
spins even though it would have been very stable if accurately made 
and assembled» 

5       V7hirliug 

A type of instability particularly liable to occur in bombs which 
receive a violent disturbance on release is "whirling",' the bomb flies 
with its axis at a large angle of incidence to the direction of motion 
snd rotates rapidly.'  Shis may be jailed a flat spin and is akin to the 
autorotation of aeroplanes; it is a stable state. 

In considering hcv this type of motion arises the.fundamental 
principles are made clearer oy considering an aerofoil rather than a 
bomb. 

5i V 

">P/V 
Consider (figure l) a rectangular aerofoil ABCD of span 2s and chord 

c    flying at incidence   a    to a relative wind speed   V.      Let the aerofoil 
be given an angular velocity of rotation   p   about the relative wind and 
consider an element   EF    distant    y   from the  centre and of breadth   dy» 

with, the rotation as shown, EB"   moves downward and its angle of 
incidence is therefore increased "by an angle   yp/Vj    the corresponding 
element    3']?'    on the other side suffers a decrease of incidence    yp/V. 
If    dL   is the element of rolling Moment due to   EE1    and E'E"    and is 
measured in the same direction as    p,    then 

- 2 « 
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«• - 4 (öCjJ.p. o 47, v2. y + $ (öCL'J.P» ° =ly» v2. y 

or dL = - -J P c y V2 (ÖC^ - ÖC^') dy ,      .. (1) 

Hhorfl ÖC, and öc^«   arc the positive increments of lift coefficient on 

EP   and E'E" duo to rotation;    they are, o£ course, dependent on   yp/V. 

A 1g>pical liit coef-iciont-inciderico curve ia shown in Pig. 2. 
Along   AB   the lift coefficient increases roughly linearly with incidence, 
and at   0   the uaxiuuu lift coefficient is reached;    this point is laiown 
as tiie stall«      Thereafter the lift coefficient begin* to decrease as 
incidence increases. 

FIG. I iLP 

Supposing in the case we are considering conditions are such that 
the naxiiduu incidence a + sp/V and the uininun a « sp/V both lie in 
the straight portion AB of the Or - a curve, then in the equation 

dOr 
we have obtained ior   dL, assuming   ——   is con3ttait: 

da 

6CL- 5C< 
XJ 

Hence     dL = •£ P c V2 y.  2 2E , 
ac. 
da 

dy 

or     dL • - P c V y2 p -Ük   dy 
da i 

Integrating tida equation for the wiiole wing gives 

1 ^ dCT I, • - 4 p c a-5 p V -^s    • 
3 da •(2) 

•j?j!is quantity is negative and ia uaually large, hence any tendency 
to roll is   .opposed by a couple «Mofa daps it out. 

Suppose, now, that the wing had been stalled before rotation, it3 
incidence corresponding to   Q*    in figure 2.      The incidences pf   EF   and 
E'F1    are then represented by   R'    and   P'    where 

P'O» « QiR« m yp/V. 

It is clear that 60T = 

positive; hence let 

and ia negative while 6c ' = SP and is 
L 

W-7254#" 
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Ö0L - 60L'' • A  (a -TQ - SP) 

tihere A     is clearly negative for incidences greater than the stall« 

Substituting in equation (l) and integrating for the whole wing 
vre obtain 

L a 4 p o V2   /   y A . dy 

which nay be re-written as 

T P     C V4 

2p' n ?«» V 
•(3) 

Now   yp/V   is the increnent of incidence at any point and   A   the 
differential lift increment bet.veen the element at that point and the 
corresponding element on the other side of the wini>      Let 

ypA a 0 or** °PA a $ '» 

then 
._.     Pc / 

2p^ 
(0A) dtf 

.(*•) 

Plotting #A     »gainst   $   the area under the curve as far as   0B 

is proportional to the rolling noraent at constant   p   and   V» although a 
negative area corresponds to a positive, or destabilising aouent. 

Now consider the nature of the curve of <f>&   against 4>»       When <j> 
is zero there is no difference lii incidence between the pair of elements, 
hence   A   is zero and the curve therefore passes through the origin» 
For a small   $, since v/e are assuuing the initial incidence   a    to be 
above the stall, the pair of eleuents correspond to points   P   and   R 
of Figure (2) and   A   is therefore negative;    hence the curve of $A 
against   (j>   starts out negatively irac. the origin for positive $ .     As 
<f>   is increased, eventually the elements correspond to Pi and Ej_ for isdiich 

A   is again zero;    the ^A     ourvo therefore also reaches zero.     For still 
greater incidences (Pg and R2),    A., becomes positive, hence so also does 

0A,      The foiv, oi' the curve of    0A   against    0   is therefore as shown in 
Figure 3. 

/Figure 3 
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.-Itoro is a «^«.incidence   , 

Suppose the oxbrcue differences in incidence • the curve is aejro.  ~w^& m xnoii-.-iicc 

•' + 6 • (= * ^£) at thc-v&nv tix>s are + #    different fi-on the Aj:J.ti J 

incidence   a,    _ Since the area under the curve of Figure-(3} ::   a-rc, t!:„ 
, rolling-nouent is aero and the fang is -In & stable state»      "C.Vii  i? tn 

say, for a £iven aerofoil and given conditions above the st;.j.i, th.iv is a value of    p   given by 

-"•" ••    -   •   •="    1,-^ -     •--   ---   - - - - ,-.-.- 

JJ ^, —r-^-n— * *   •   * fc   •    f„   •  « 4.    ^ n    . 
3 

at -vrhich the couple is aero«      'I'his is therefore a steady stjt" of 
rotation, -nd is kno-.vn-as -"auto-rotation" in. the case of. ae^o-Lanr.!-.   or 
"vy-hirlinj" in fchu case of boi-ibs«- ~    -""'" ''""'' ' 

it^^i»-1«^ *- «* ••' sQ> —responding to poirtf    Y 
tc^r 

"o1"    inxoiaj. incit'.'.noe.'-;; 
5 ~ fit pi? 
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it rarely occurs at angles of loss than kO   with ordinary borib3. 

(Thirling is cletxly an undo air able feature in a bo..:b since it will 
nake accurate aii-iing dxtpossible and nay result in ilat strikes with 
failure to detonate*      It can only Toe eliaimfccd by improving the 
stability of the boob.      This nay nean increasing the- slope of the CJJ» a 

• UT' \ curve (increasing   M    negatively and decreasing   "T")  or siraply by a 

laodification wÜoh increases the stalling incidence.      Little ±a known 
about the pitching uouonts of boabs at large angles of incidence, hence 
elimination of whirling cannot bo achieved by afcaing for inorease of the 
stalling incidence, although thia uay be achieved accidentally«      For 
exaaple, in experiments with the 100 lb, 1ÜC. borab there were two vari- 
ants identical except that one had an ogival nose and the other a bluff 
and rounded nose;    their weathercock stabilities wore aLaost identical 
yet the type with bluff und rounded ho*«* had less tendency to whirl 
than that with the nore 3treaulined nose.      Other experiments also tend 
to confirm ti'ds foot - that bluff and rounded noses are les3 liable to 
whirl than uore streamlined ones, even though the weathercock stabilities 
at moderate angles of incidenoe are not greatly different. 
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